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We consider a hypothesis that the closed Universe was formed on the other side of the event
horizon of a black hole existing in another universe. That black hole appears in the Universe as a
boundary white hole, and its rest frame in comoving coordinates is a frame of reference in which the
cosmic microwave background is isotropic. We consider the Lagrangian density for the gravitational
field that is proportional to the curvature scalar, and use the metric-affine variational principle in
which the symmetric affine connection and the metric tensor are variables. The white hole appears
in the Lagrangian through a simplest, generally covariant and linear term: the four-divergence of
the four-velocity of the white hole in comoving coordinates. We show that the variation of the action
with respect to the connection generates the nonmetricity, which creates a term in the Lagrangian
that is equivalent to a positive cosmological constant. The current cosmic acceleration may therefore
be a manifestation of the boundary of the closed Universe. We also show that the equation of motion
of a test particle deviates from the geodesic equation by a term that depends on the four-velocities
of the particle and the white hole. The rest frame of the white hole in comoving coordinates is the
only absolutely inertial frame of reference. This deviation might be observed on galactic scales.
Introduction. A recent evidence suggests that the Uni-
verse may be closed [1]. If the Universe was born as a
closed, baby universe on the other side of the event hori-
zon of a black hole existing in a parent universe [2, 3],
then that black hole appears in the Universe as the other
side of a white hole. This white hole is the boundary
of the Universe and we shall refer to it as the Parent
White Hole (PWH). In a recent, brief note, we proposed
that the rest frame of PWH in comoving coordinates is a
frame of reference provides the absolute inertial frame of
reference (AIFR) in the Universe [4]. Consequently, this
scenario, which we referred to as the Black Hole Gene-
sis (BHG), could give the origin of inertia and complete
Einstein’s general theory of relativity by making it consis-
tent with Mach’s principle, according to which all distant
matter determines inertia [5, 6]. Because of the symme-
try considerations, AIFR would be the frame of refer-
ence in which the average cosmic microwave background
(CMB) radiation is isotropic. Such a frame constitutes
the preferred frame in the Universe, in which the cosmic
time is defined [7].
The Universe created by a black hole is closed, with
the exception of PWH that connects the Universe to the
parent universe through an Einstein–Rosen bridge. A
physical law that turns black holes into Einstein–Rosen
bridges to new, baby universes must avoid the black-hole
singularity. The simplest and most natural mechanism
for preventing gravitational singularities is provided by
spacetime torsion within the Einstein–Cartan (EC) the-
ory of gravity [6, 8, 9]. In this theory, torsion is coupled
to the intrinsic angular momentum of fermionic mat-
ter, allowing for the spin-orbit interaction that follows
from the Dirac equation. Accordingly, torsion brings the
consistency between relativistic quantum mechanics and
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curved spacetime. At extremely high densities, torsion
manifests itself as repulsive gravity, preventing the for-
mation of a singularity and creating a Big Bounce that
starts a new, closed universe [3, 10] whose energy is zero
[11]. Torsion may also explain inflation [3], the matter-
antimatter asymmetry in the Universe [12], or the present
cosmic acceleration [13].
Lagrangian for gravitational field. We consider the La-
grangian density for the gravitational field that is pro-
portional to the curvature scalar, as in the general the-
ory of relativity [5, 14] or EC [6, 8, 9]. AIFR appears
in the Lagrangian density through a term that is linear
(for simplicity) in the four-velocity vector of PWH. To
ensure locality, this term at a given point depends on the
four-velocity of a body that is at rest relative to PWH in
comoving coordinates and passes through this point. We
can regard this four-velocity as the four-velocity of PWH
in comoving coordinates. This four-velocity is also the
four-velocity of a body that is at rest relative to CMB
and passes through this point. The simplest scalar that
depends locally on this four-vector is its four-divergence.
Accordingly, we have
L = − 1
2κ
(R+ θρ;ρ)
√−g, (1)
where R = Rµνg
µν is the curvature scalar, θρ is a four-
vector proportional to the aforementioned four-velocity,
a semicolon denotes a covariant derivative with respect
to the affine connection Γ ρµ ν , g is the determinant of the
metric tensor gµν (which is reciprocal to g
µν), and κ =
8piG/c4. This Lagrangian density is generally covariant.
Field equations. We derive the field equations for the
Lagrangian density (1) using the metric-affine variational
principle [15]. Since the torsion tensor (the antisymmet-
ric part of the affine connection) is important only in
the early Universe, we consider a symmetric connection:
Γ ρµ ν = Γ
ρ
ν µ. We consider the stationary variation of the
action corresponding to this Lagrangian with respect to
2the affine connection. The variation of the Ricci ten-
sor Rµν = R
ρ
µρν is given by δRµν = δΓ
ρ
µ ν;ρ − δΓ ρµ ρ;ν
[6, 9, 14, 16]. Since θρ;ρ = θ
ρ
,ρ + Γ
ρ
µρθ
µ, where a comma
denotes a partial derivative, the variation of the action
S =
∫
L dΩ with respect to the connection gives
∫
(δΓ ρµ ν;ρg
µν − δΓ ρµ ρ;νgµν + δΓ ρµ ρθµ)
√−gdΩ
=
∫
δΓ ρµ ν [−(gµν
√−g);ρ + δνρ(gµσ
√−g);σ + θµδνρ
√−g] = 0, (2)
where dΩ is an element of the four-volume and δνρ is the
Kronecker tensor. We used the integration by parts in
curved space with a symmetric affine connection, with
the variation vanishing on the boundary of the integra-
tion domain:
∫
(Vµ);µdΩ = 0 for an arbitrary vector den-
sity Vµ [6, 9, 16]. Since the variation of the connection
δΓ ρµ ν is a tensor and is arbitrary, (2) gives the field equa-
tion:
− (gµν√−g);ρ + 1
2
δνρ(g
µσ√−g);σ + 1
2
δµρ (g
νσ√−g);σ + 1
2
θµδνρ
√−g + 1
2
θνδµρ
√−g = 0. (3)
Contracting the indices ν, ρ gives (gµσ
√−g);σ =
−(5/3)θµ√−g, which upon substitution into (3) yields
(gµν
√−g);ρ = −1
3
(θµδνρ + θ
νδµρ )
√−g. (4)
This equation shows that the affine connection in the
presence of the vector θµ is not metric compatible, but
contains the nonmetricity tensor gµν;ρ that does not van-
ish [9, 16].
A symmetric affine connection can be decomposed as
Γ ρµ ν = { ρµ ν}+ Cρµν , (5)
where { ρµ ν} = 12gρλ(gνλ,µ+gµλ,ν−gµν,λ) are the Christof-
fel symbols and Cρµν is a tensor which is a linear combi-
nation of the nonmetricity tensors [6, 9, 16]. If a colon de-
notes a covariant derivative with respect to the Christof-
fel symbols (the metric compatible Levi-Civita connec-
tion), then we obtain, using (
√−g);ρ = Γ σσ ρ
√−g:
(gµν
√−g);ρ = (gµν
√−g):ρ
+(Cµσρg
σν + Cνσρg
µσ − gµνCσσρ)
√−g. (6)
Since the first term on the right-hand side of this equation
vanishes, (4) gives
gµνCσσρ − Cµσρgσν − Cνσρgµσ =
1
3
(θµδνρ + θ
νδµρ ). (7)
The solution of this equation is
Cρµν = −
1
2
θρgµν +
1
6
(θµδ
ρ
ν + θνδ
ρ
µ), (8)
where θµ = gµνθ
ν .
Substituting (5) into the curvature tensor Rλρµν =
Γ λρν,µ − Γ λρµ,ν + Γ σρ νΓ λσ µ − Γ σρ µΓ λσ ν gives
Rλρµν = P
λ
ρµν + C
λ
ρν:µ − Cλρµ:ν
+CσρνC
λ
σµ − CσρµCλσν (9)
where Pλρµν is the Riemann tensor (the curvature tensor
constructed from the Levi-Civita connection) [5, 6, 9, 14,
16]. Consequently, the curvature scalar is given by
R = P +Cµνν:µ−Cµνµ:ν +CσννCµσµ−CσνµCµσν , (10)
where P is the Riemann scalar (the curvature scalar con-
structed from the Levi-Civita connection and the metric
tensor). Substituting (8) into the curvature scalar gives
R+ θρ;ρ = P − θµ:µ +
1
6
θµθµ. (11)
The second term on the right-hand side of this equation
is a four-divergence and does not contribute to the field
equations.
Cosmological constant. If we postulate that the vector
θµ is proportional to the four-velocity of PWH in comov-
ing coordinates, u˜µ:
θµ = ±
√
12Λu˜µ, (12)
then (1) and (11) give
L = − 1
2κ
(P + 2Λ)
√−g, (13)
3which is the general-relativistic Lagrangian density of the
gravitational field with a positive cosmological constant
Λ [6, 14]. The variation of the corresponding action with
respect to the metric tensor gives the Einstein field equa-
tions in the presence of the cosmological constant. There-
fore, BHG may give the origin of a positive cosmological
constant, which is the simplest explanation of dark en-
ergy. Such a constant appears in the Lagrangian as a
proportionality constant that gives u˜µ a correct unit.
The Lagrangian density (1) with the relation (12) is
generally covariant, with local Lorentz invariance broken
by a nondynamical unit timelike vector: the four-velocity
of PWH in comoving coordinates. Such a nondynamical
vector field could be regarded as aether [17]. A different
construction proposed aether as a dynamical unit time-
like vector field in the metric formulation [18]. The cos-
mological constant may be a manifestation of a nondy-
namical aether associated with PWH.
Equations of motion. The equation of motion of a mas-
sive test particle in a Riemannian curved space is given
by the geodesic equation:
duρ
ds
+ { ρµ ν}uµuν = 0, (14)
where uµ = dxµ/ds is the four-velocity of the particle and
ds =
√
gµνdxµdxν is an element of the interval [5, 6, 9,
14]. In a space with the nonmetricity, we postulate that
the equation of motion is given by a similar equation:
duρ
ds
+ Γ ρµ νu
µuν = fρ, (15)
where fρ is a four-vector that we will determine. Differ-
entiating the relation gµνu
µuν = 1 with respect to the
interval and using (15) gives
gµν,ρu
ρuµuν + gµν
duµ
ds
uν + gµνu
µ du
ν
ds
= 0. (16)
Using (5) and (15), this equation becomes
− 2{ µρσ}gµνuνuρuσ + 2fµgµνuν − 2Cµρσgµνuνuρuσ + gµν,ρuµuνuρ = 0. (17)
The first and last terms in this equation cancel out. Using
(8), we obtain fµ = −θµ/6, which with (12) gives
duρ
ds
+ Γ ρµ νu
µuν = ∓
√
Λ
3
u˜ρ. (18)
Finally, substituting into this equation (5) and using the
relations (8) and (12) gives
duρ
ds
+ { ρµ ν}uµuν = ∓2
√
Λ
3
(uρuσ − δρσ)u˜σ. (19)
Multiplying this equation by uρ gives an identity, which
is consistent with the four-acceleration being orthogonal
to the four-velocity.
The sign in (19) is negative, which can be determined
from the nonrelativistic limit of the motion of a free par-
ticle. In a locally flat frame of reference [5, 6, 9, 14] in
which PWH has a nonrelativistic comoving velocity along
the x-axis, (19) gives
dux
dt
≈ ∓2c
√
Λ
3
(uxu0u˜
0−u˜x) ≈ ∓2c
√
Λ
3
(ux−u˜x). (20)
Its solution is
ux = u˜x + (ux|t=0 − u˜x)e∓2
√
Λ/3 ct. (21)
As t → ∞, ux → u˜x. The difference ux − u˜x in (20)
is approximately equal to the magnitude of the peculiar
velocity vp of the particle divided by c. Accordingly, the
acceleration of a particle arising from its motion relative
to AIFR is on the order of 10−9 m/s2(vp/c). The nu-
merical factor in this order of magnitude is similar to
the acceleration scale that may exist in galaxies, and the
resulting acceleration is peculiar-velocity-emergent and
thus different for different galaxies [19]. Similarly, one
can show that uy → 0 and uz → 0. Consequently, a
particle with an initial peculiar motion (with respect to
AIFR) asymptotically comes to rest (in comoving coor-
dinates) relative to PWH: it tends to an inertial state. If
the sign in (19) were positive, then the peculiar motion
of the particle would unreasonably grow in time.
Therefore, the equation of motion of a test particle in
a curved space is
duρ
ds
+ { ρµ ν}uµuν = −2
√
Λ
3
(uρuσ − δρσ)u˜σ. (22)
Its nonrelativistic limit in a locally flat (Galilean) frame
of reference can be written in a vector form as
dv
dt
≈ ag − 2c
√
Λ
3
(v − v˜), (23)
in accordance with (20), where ag is the gravitational
acceleration. The acceleration of a particle in this limit
has a term proportional to its peculiar velocity v − v˜.
The velocity v˜ is the velocity of a body that is at rest
relative to PWH in comoving coordinates (and at rest
relative to CMB) and passes through the location of the
particle.
Final remarks. The equation of motion (22) deviates
from the geodesic equation at large scales, on the order
4of 1/
√
Λ. Also, it reduces to the free motion in curved
space (14) only if uµ = u˜µ, that is, in AIFR. Conse-
quently, AIFR is the only inertial frame of reference.
Other frames, moving with constant velocities with re-
spect to AIFR [20], are approximately inertial: the effects
of the noninertiality are significant only at large scales.
Deviations from the geodesic motion and the peculiar-
velocity-emergent acceleration scale might be observed
in galactic motion.
We note that a simple extension of the general the-
ory of relativity, without changing the linearity of the
Lagrangian density for the gravitational field with re-
spect to R or introducing new hypothetical fields, may
explain the dynamics of the early and late Universe. Tor-
sion, generated by the intrinsic angular momentum of
elementary particles, prevents the formation of gravita-
tional singularities and provides a physical mechanism
for BHG. Nonmetricity, generated by the boundary of
the Universe (PWH), may explain the cosmological con-
stant that causes the present cosmic acceleration.
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